The Assessment of Stridor in Infants and Young Children
Stridor is a physical sign which indicates the obstruction to the passage of air into or out of the lower respiratory tract. Adult patients with stridor are commonly referred to the laryngologist without delay because it is realized that relief of the obstruction may be called for as a matter of urgency. This is certainly not so in the case of the infant and young child. The pediatrician is the first person to be consulted. Over a period of years the belief bas grown up that stridor in infants tends to disappear as the larynx enlarges relatively more rapidly than the rest of the body. Some authorities quote one year (Birrell 1952) , some two years and some three before the noise will have disappeared altogether; all appear to be satisfied that stridor occurring in infancy will have disappeared by the end of the third year. This I think accounts for the view of the piediatrician that: 'The peediatrician takes a lighthearted view of the baby presenting with laryngeal stridor unless there is obvious failure to thrive' (Franklin 1952) ; it is for this reason that the laryngologist tends to be consulted at a relatively late stage. By this time the parents will have been interviewed and told that the noise will disappear; the laryngologist will be expected to confirm the diagnosis of 'congenital laryngeal stridor' and to offer a favourable prognosis.
At the last discussion in this Section very little was said about prognosis and much about the appearances of congenital laryngeal stridor. It is my purpose here to show that the diagnosis of congenital laryngeal stridor accounts for less than 25% of the cases and that, contrary to widely held belief, we cannot offer to the parents of one-19 third of the children the hope that the noise will have disappeared by the time that the child has reached the age of 2. At the meeting of this Section at which the subject was discussed in 1952, the major contribution was the classification offered by Mr T G Wilson, which is used in the preparation of this paper. By the time that the child is seen, the history will have been taken, the parents interviewed and our paediatric colleague will ask from us a diagnosis and some indication as to the prognosis. Our difficulty is in acquiring the experience necessary to answer these two questions.
Over the past five years at Alder Hey Children's Hospital we have had referred to the Ear, Nose and Throat Department 85 cases of stridor. A breakdown of these cases is given in Table 1 , which shows that some of the diseases are relatively common, such as congenital laryngeal stridor, and some are very rare, such as bilateral abductor paralysis, which indeed is only likely to be seen if there is a unit treating hydrocephalus attached to the hospital. In most cases the history has been taken but none the less it is of interest to know at what stage we can expect the various conditions to give rise to stridor. Fig 1 shows that the sign is frequently noticed at birth in children with cysts, congenital laryngeal stridor, unilateral vocal cord paralysis and vascular ring. In bilateral abductor paralysis the sign is not present at birth and appears from one to two months after delivery. The condition occurs in racehorses due to stretching of the recurrent laryngeal nerves as the animal pushes forward the head in making its maximum effort. On examining the interior of the skull of a hydrocephalic child who, at the time of his death, had well-marked bilateral abductor paralysis, it was found that the brain stem had become forced down through the foramen magnum with the increasing intracranial pressure and the vagi had become stretched over the jugular foramen.
Although the sign is present at birth in many cases, advice from the laryngologist is rarely sought until much later. In this series the sign was present at birth in 34 of 46 cases. Fig 2  shows when they were referred for advice. The only cases seen immediately after birth were those children who had cysts in whom the dyspncea was extreme and rapid relief of that dyspncea was needed. The majority of the cases of laryngeal paralysis and congenital laryngeal stridor were referred for advice in the third and fourth months. Sixty-five of the 85 cases were seen in the first year of life. Of the remaining cases, 18 were due to some form of inflammation and came up sporadically during the first, second and third years; 2 were due to multiple papillomata and were seen in the fourth and sixth years respectively. The sign was present in 28 girls and 57 boys, indicating that the sign occurs twice as frequently in boys as in girls. Although the history will have been taken already it should of course be studied with care and from it some hint as to the possible diagnosis may emerge.
From a clinical point of view babies with vocal cord paralysis commonly experience feeding difficulties, presumably due to the inco-ordination
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Fig 2 Date offirst seeking advice. Each small black square represents one case of the two sides of the cricopharyngeus Generally the noise is louder when they are awake. On the other hand children with congenital laryngeal stridor have less feeding difficulty in early life and make more noise when they are completely relaxed and asleep. Childien with a vascular ring are nearly always referred with a feeding difficulty (dysphagia lusoria) and not with stridor, though the latter is usually present.
The first stage in the examination of the child is to place it in various positions in order to see whether the noise is increased or decreased. Signs of severe obstruction should be looked for, such as cyanosis, movement of the ala nasi, tracheal plunging and rib and sternal recession. One should also look for swellings in the neck and, where they are present, note any change in size on respiration. An estimation of the level of the obstruction by auscultation is made.
The noise made by each of the three types of stridor is different. I have had great help in this part of the examination from the use of a portable tape recorder. With it the sound can be collected at close range and then played back and amplified. This helps considerably in the analysis of its character.
Examination of the larynx cannot be escaped and must be carried out as soon as possible. However, although there is need for haste in bringing the baby to operation, the procedure itself must be gentle and unhurried. In the past the laryngologist used to examine the child without general anaesthesia (Holinger 1961) . A children's hospital has available the services of the pediatric anxsthetist and this makes unhurried examination of the larynx in extreme safety possible. The child is put to sleep with thiopentone, curarized and intubated. The laryngeal architecture is examined. The curarizing agent is then allowed to wear off and the movements of the vocal cords are studied. For this part of the procedure the tube is removed; the size of the tube is noted for from this Section ofLaryngology one can tell whether the glottis and subglottis are of normal size. If necessary bronchoscopy and aesophagoscopy are carried out. This method is infinitely better than struggling with a conscious patient and it proves to be absolutely safe: in 85 cases there have been no deaths and we have had to carry out no emergency tracheotonmies; there have been no post-operative complications. In some cases it has been necessary to carry out several examinations in order to complete the treatment, to assess progress or to verify the diagnosis. This has presented no problems. However, I believe that if-this standard is to be maintained the surgeon and anmsthetist must work together as a team; if this is done then the responsibility for emerging from the examination with the right diagnosis is halved and the safety of the procedure is doubled. The right diagnosis is not always apparent: in 8 of our 85 cases the stridor was heard but the cause could not be found. If two conditions are present in the patient at the same time it is easy to overlook the less obvious cause which may, however, be the prime cause: A baby of 9 months was admitted with stridor. The routine described was carried out and, since it was possible to pass only an endotracheal tube smaller than normal for a child of this age through the subglottic region, a diagnosis of subglottic stenosis was made. A few days later the child became stridulous again. He was distressed and was therefore intubated by another anmsthetist who managed to pass a tube of normal size for the baby's age. This anaesthetist pronounced the larynx to be normal. As the noise persisted we were asked to look again. This time I took a cine film of the larynx. It shows quite clearly that there was a weakness of the right vocal cord.
When the case has been assessed and the diagnosis made, the parents are interviewed and a follow-up arranged if no treatment has to be recommended. In the preparation of this paper 82 of the mothers were written to and asked how their children were. Three mothers were excluded because it was known that the child had died: one child with atresia of the larynx died at 22 months with a volvulus and 2 with bilateral abductor paralysis had died as a result of uncontrolled hydrocephalus and in the later stages of chest infection. Fifty-three replies were received; Fig 3 shows how these children were on September 30, 1964. Twenty-seven of the mothers reported that the noise could still be heard for part or all of the time for periods varying from eight months to five years. Twelve reported that the noise was present all the time, 8 only when the child was crying and 6 when the child was crying or asleep. Six children had recurrent chest infections (more than three in each year). The underlying diagnosis in these cases was paralysis A9g (yc4ts) On the basis of a relatively small series of cases one cannot be definite. We should remember, however, that for part or all of these children's lives they are unable to take in or breathe out as much oxygen as their body would like. Minor degrees of obstruction are less important when the child lies in his cot than they are when, at 2 or 3 years of age, he begins to explore the world around him. At this age he will be subject to repeated assaults on his upper respiratory tract by contact with other children and in a child with stridor this could have a disastrous effect upon the lower respiratory tract. It is for this reason that I do not believe that we should be too confident in reassuring the parents that this is just a curiosity and that the noise will disappear at the end of the second or even at the end of the third year. I feel that the parents should always be told that the noise may disappear and that if for any reason it should increase they should consult their general practitioner. If the child develops a severe upper respiratory infection then he may have to come into hospital for observation and treatment.
Over the past year we have developed laryngeal cinematography at Alder Hey Hospital. We believe that it can be a great help in arriving at the diagnosis and also in the teaching of pediatric laryngology. The problem to be solved in the photography of inaccessible sites is how to get sufficient cold light to the area to permit full exposure and reasonable definition. We felt that if the method was to be used extensively costs would have to be kept down. For this reason we decided to use narrow gauge cine film (8 mm). A single lens reflex camera was used with a 36 mm lens and a 3 dioptre supplementary lens. This permitted accurate focusing and a large enough image was obtained. It was difficult to find a photographic laryngoscope. In the end I designed and made one from standard plumbing pipe and connexions (Fig 4) . The light from the Zeiss operating microscope was directed by means of a double prism down a Perspex rod with a rounded end. The rod was inserted into the side tube. The dimensions of the laryngoscope are the same as those of the Negus laryngoscope in the vertical plane and 3 mrm wider in the horizontal plane at the level of the child's lips. Misting of the camera lens was prevented by directing a tide of oxygen down the hollow handle of the instrument while ,the filming took place.
(Alder Hey Children's Hospital, Liverpool)
Aniesthetic Implications of Stridor in Children
The higher standard of anesthesia has led to a greater appreciation of the value that these controlled conditions offer for direct laryngoscopy in infants and children and anrsthetists, therefore, are intimately concerned with the dangers and difficulties of this procedure. It is particularly relevant that a pmdiatric anesthetist should present this facet of the topic under discussion as it emphasizes two important aspects of direct laryngoscopy under general anrsthesia: (1)
The larynx and trachea are of mutual interest and must be equally shared between endoscopist and anesthetist lest failure of appreciation of each other's problems should jeopardize the success of the examination or, worse still, endanger the life of the patient.
(2) The anesthetist must be familiar and experienced in dealing with children, since direct laryngoscopy is occasionally required in babies and young infants who are on the verge of respiratory catastrophe.
Anesthesia for examination of the larynx must satisfy a number of criteria. There must be a patent airway and proper oxygenation of the blood at all times; relaxation of the jaw and pharyngeal muscles must permit an unhurried and atraumatic examination; movements of the laryngeal muscles must be present to detect any paresis of the vocal cords; vagal inhibitory reflexes, particularly on the heart, must be negligible; and, finally, there must be a rapid return of full protective reflexes.
In the non-acute case for the investigation of persistent stridor, my preference is for the following technique: After suitable atropine premedication, anvsthesia is induced with an intravenous barbiturate followed by a short-acting muscle relaxant; the lungs are hyperventilated with 100 % oxygen and a small catheter, through which oxygen administration is continued, is then inserted by the nasal route into the trachea.
Anesthesia is maintained with incremental doses of barbiturate and if necessary muscle relaxant, but the occasional return of muscle activity allows cord and arytenoid movement to be assessed and prevents the excessive accumulation of carbon dioxide.
In the acute case with considerable respiratory distress, aneesthesia is induced with halothane in 100% oxygen, which permits full oxygenation to be achieved and rapidly allows direct laryngoscopy to be performed. A safe airway is then established by endotracheal intubation, using the correct-sized tube that can only be gauged by direct inspection ofthe laryngeal aperture, through which accumulated secretions may be aspirated. A leisurely examination may now be made and the situation assessed.
Because of certain technical difficulties, the diminished muscle tone and the possibility of severe congenital abnormalities of the upper airway, gentle conscious laryngoscopy and intubation is preferred in the newborn before the induction of general anasthesia. Once a controlled airway is guaranteed, a short-acting muscle relaxant and nitrous oxide/oxygen anesthesia
